After the success of Surveyor 1 in meeting the objectives of the engineering flight series, selection from among candidate experiments led to the inclusion of the soil mechanics surface sampler (SMSS) on the Surveyor 3 payload. Altho.ugh originally planned for later Survey. ors, the SMSS was modified to fit the red. uced telemetry and commanding capability of Surveyor 3. Specifically, the SMSS was adapted to the mounting location and the electronics interface of the approach television camera. This required a concentrated, short-term effort to modify, btfild, and test the SMSS to meet the demanding interface requirements. Modifications to the SMSS included removal of the strain-, acceleration-, and position-measuring systems originally planned and incorporation of a means for measuring current drawn by the motors during operation. A description of the modified device, its performance on Surveyor 3, and some conclusions about the lunar surface material are presented in this paper.
sion-retraction mechanism is designed to support and position the scoop and to permit operations within the space envelope shown in Figure 1 . The mechanism rotates about azimuth and elevation pivot points to provide movement in spherical coordinates.
Drive system. Three electrical motors, operating through appropriate drive trains, furnish mechanical energy to manipulate the SMSS in extension and retraction, azimuth, and elevation. At command from earth, an electrome- 
FUNCTIONAL AND OPERATIONAL •)ESCRIPTION
The SMSS, as modified for Surveyor 3, was mounted in the location formerly occupied by the approach television camera. This position lies below the survey television camera, between the auxiliary battery and leg 2, as shown in Figure 2 . The area of operation for a nominal surface plane through the three footpads is shown in Figure 1 . Because the azimuth axes of the SMSS and the camera are not colinear, the viewing angle of the scoop, through the television system, varies with the scoop's position. When the scoop is positioned near footpad 2, the camera looks directly down the extension arm, which largely obscures the scoop itself. When positioned near the auxiliary battery, a slight side view of the scoop is afforded.
As the SMSS is extended, the angle that the scoop makes with the test surface varies. The extension arm drawing in Figure I shows the effect; the photographs of the scoop in contact with the surfaces (Figures 3a and 3b) show the resulting angle for two extension positions on a nominal, fiat surface. The fiat surface of the scoop door is normal to the tangential elevation motion at maximum extension.
To make optimum use of operating time during a mission, a standard sequence of testing events has been established. Automatic taped sequences of spacecraft commands have been prepared. They provide the correct motion, based on prefiight tests, to accomplish the planned operations. Corrections for variations in motion sizes occurring on the moon are provided by manually commanding the mechanism after a given taped sequence is complete. Table  1 Because position-indicating telemetry is not available, the operations of the SMSS experiment must be monitored closely by the survey television camera. Sequences and priorities for tests, therefore, depend on viewing conditions, spacecraft shadow patterns, and the performance of the television system.
MISSION ]DESCRIPTION

SMSS Engineering Performance
The SMSS electronics auxiliary was initially turned on, on day 111; operations were concluded on day 122.
During the 18 hr, 22 min of total on time for the SMSS auxiliary in the first lunar day, 5879 spacecraft commands were transmitted to it. All commands were correctly coded, and 1898 SMSS commands were generated. The SMSS and its electronics auxiliary responded correctly to each command throughout this period.
After touchdown it was found that .some of the Surveyor 3 telemetry was not reliable, so that no valid SMSS motor current data could be obtained. The forces applied to the lunar surface by the SMSS had to be estimated from the measured characteristics of the motors when stalled.
Lunar Surface Operations
Late in Goldstone view period of day 111, it was determined that the temperature of the SMSS electronics auxiliary was high enough for operation. The decision to turn on the SMSS power was followed by a short series of tests to assess the condition of the electronics and to attempt a solution of the spacecraft telemetry problems. This section will briefly describe SMSS operations on and after day A BEARING TEST I  L BEARING TEST 4  V BEARING TEST 7  B TRENCH I  M IMPACT TEST I  W IMPACT TEST 7  C TRENCH 2  N IMPACT TEST 2  X IMPACT TEST the SMSS operations area. I)uring the teleGlare in the television optical system, re-vision operations, however, problems occurred sulting from sun angle, had prevented acomin azimuth stepping at a time when the camera plete television survey of the area of SMSS was stepping clockwise, or to the right azimuth. operations. Because narrow-angle coverage was Accordingly, it was decided to move the SMSS available only for the area near the auxiliary into the field of view of the television camera battery, it was decided to depart from the and to start testing the lunar surface. The standard sequence. The scoop was extended surface was located and a command was sent Figure 4 , was dug by retracting the SMSS to ensure that the object had been shaken loose in the 2-sec mode, a total of twenty-six steps. from the scoop. This motion freed a portion of A special series of twenty-six television pic-soil that had remained in the scoop since the tures was taken during this trenching oper-previous trenching operation. Subsequent teleation, one frame after each retraction step. vision observation of the footpad showed the Figure 9 shows the completed trench 3 and pile of material that had been shaken loose, bearing point 2.
which apparently had fallen onto and covered Day 118. At the close of SMSS operations the deposited object. on day 117, an object of higher albedo than Attempts were made to uncover the object the surrounding surface was observed near by placing the scoop tip on the footpad and trench 3, at contact point 2 (item H in Fig-retracting it. This action succeeded in removure 4). Operations for day 118 began by plac-ing some material from the footpad and leav-ing an object exposed on the footpad, which was tentatively identified as the one that had been picked up and deposited earlier.
Items J and K in Figure 4 represent further trenching operations at trench 3. The scoop was positioned near the head of the trench to the left and retracted, thus widening the trench to three scoop widths. Figure 11 shows the widened trench, just before bearing test 4 was conducted (item L in Figure 4 ) in the bottom of the trench. Figure 4 ) was performed, starting with a drop from a single 2-sec elevation above the surface at the site of impact test 1. After assessing the impact result, the tests that followed were performed by releasing the scoop from higher positions. Impact tests 2 and 3 were performed by elevating the scoop two 2-sec steps above the surface; impact tests 4, 5, and 6 were acomplished by elevating the scoop four 2-sec steps. Table 2 . A television picture mosaic (Figure 15) shows the area and results of operations in trench 1 (Figure 4, item 13) .
Day 119. A series of impact tests (shown as items M through R in
In summary, the second trench, which was along an azimuth line that facilitated camera coverage, was worked on three separate Goldstone view periods ( Table 2) cluded this intention, however. The motors did not have temperature sensors; therefore, it was necessary to estimate motor temperatures from the temperatures measured on the spacecraft and from temperature differences assumed from prefiight tests. The information on forces in the bearing tests shown in Table 3 The first trenching pass of the SMSS produced an excavation about 5 to 7.5 cm deep; the second pass deepened the trench to a depth of 10 to 12.5 cm (see Figure 25) ; a third pass produced a trench of from 15 to 17.5 cm deep. The motion increments produced by a 2-see retraction command of the SMSS vary with the load acting on the SMSS. When the force reaches a limit determined by temperature and spacecraft voltage, the retraction motor stalls and no retraction is obtained. It was found that the first pass in a trenching operation produced a trench of from 38 to 50 cm long with about twenty 2-see retraction commands. Motor stalling was observed in the second (see Figure  20 ) and third pass in each trench. As many as seventy-five commands were required to complete the third pass through trench 2. This behavior may be explained by the following two statements:
1. When a trenching operation is begun at the surface, the material is free to move sideways out of the way of the advancing scoop. When the trench has been excavated to a depth of several centimeters, the soil scraped from the trench floor accumulates and cannot get out of the way of the advancing, fully packed scoop (Figure 25 ).
2. There is a possibility that the lunar material becomes stronger or denser with depth. Two tests were designed specifically to clarify the second explanation. In the first test, a bearing test was performed on the material at the bottom of trench 3, at a depth of from 5 to 7.5 cm below the surface (bearing test 4) The results of those tests are presented in Table  3 ; their locations are shown in Figure 4 . The drop height given in Table 3 is, at present, approximate. As an example, the result of impact test 3 is shown in Figure 26 . Material handling and dumping. Following a trenching operation, it was frequently found that some of the lunar soil remained stuck to the inside of the SMSS, even when the soil was disturbed considerably. On occasion, this material fell out onto the undisturbed lunar surface, leaving patches or trails of excavated material, as seen in Figure 27 .
In the process of excavating the second trench, a lump of lunar material was found below the scoop. The door was closed on the lump to find out if the material was solid or composed of an aggregate of finer particles. Because the scoop door closed with no observable difficulty, it was concluded that the lump was, in fact, an aggregate. As a check, the portion of the lump that was pinched off and enclosed in the scoop was transported to footpad 2 and dumped on the footpad for televi.sion observation. The material disaggregated on dumping, as seen in Homogentry o/ lunar soil. From the bearing test penetrations, it appears that, considering the probable variation in the force applied to the lunar surface, the lunar material is relatively homogeneous over the test area of 1.9 m •' (see Figure 28 ).
With reference to the impact test area, however, it appears that somewhat less penetration occurred for impact tests 7 through 10 in the vicinity of the auxiliary battery than took place in impact tests i through 6 at similar drop heights in the area closer toward footpad 2 (see Figure 29) . It should be noted that this variation may be due to changes in the drop heights caused by SMSS elevation motor changes and a result of the spacecraft attitude, rather than to differing lunar surface properties. Also, impact test 4 may have been too close to a previous test. If, however, the differences result from the soil properties, two factors that can effect changes are the strength and the density of the material.
No substantial differences were observed in the resistance of the soil encountered in the different trenching operations.
Depth variation o• lunar soil properties. In the bearing tests, the SMSS was lowered by one 2-see command into the lunar soil. Then, the SMSS was given successive 2-see commands, which resulted in small additional penetrations. When the movement ceased, the bearing test was terminated. In the absence of motor current measurements, a detailed evaluation of the relation between force and depth is not possible. Characteristically, a penetration of 1.9 to 2.5 cm was achieved in a bearing test at the lunar surface. However, bearing test 4, conducted at the bottom of the third trench at a depth of approximately 5 to 7.5 cm below the lunar surface and probably in disturbed soil, gave a penetration of about 0.6 cm, as shown in Figure  30 . This fact, together with the difficulties observed in making the second and third passes through a trench (even considering the effect of trench confinement mentioned), appears to in- of ordinary terrestrial density (about 3 g/cm'), a density of 1.0 g/cm 3 represents a material with a large proportion of void spaces, or high porosity. Such a soil does not exhibit the generally incompressible behavior shown by the lunar soil in the bearing tests. In addition, the friction angle of a particular soil increases as the density increases and is in the range of 25 ø to 45 ø for soils with low to high densities. Table 5 that the lower the density of the material is assumed to be, the higher must be the friction angle in order to explain the in the open SMSS scoop above the lunar surface, it can be calculated that it possesses a cohesion greater than about 3 X l02 dynes/cm •' for an assumed density of about 1.5 g/cm 3. Since the walls of the trenches have not collapsed at a depth of 15 to 17.5 cm, it appears that the cohesion may be at least 10 • dynes/cm 2. In one impact test conducted with the scoop open, a quantity of soil was dumped on the lunar surface almost equal in volume to the capacity of the scoop, as near as can be estimated. In such an impact test, the maximum deceleration is in the range of from 5 to 10 earth g. Therefore, the upper limit of the cohesion of the disturbed soil to the scoop can be estimated as being about 10' dynes/cm 2.
It is seen from
In one bearing test, an object (see Figure  2Sb ) resting on the lunar surface was depressed and found to crumble under a relatively gentle pressure (contact 3, item T in Figure 4) . It is concluded that this object was an aggregate of smaller particles, as was the clod of material broken by the scoop door at the foot of trench 2. One of the objects of higher albedo that was picked up seemed to have a substantially greater strength than these clods, and it may be termed a rock.
